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Abstract: An innovating solution for throttle-free load control for spark-ignition engines is variable valve timing 
system. In this paper is presented a kinematic analysis, using the analytic method, of the valve timing mechanism 
with three elements and continuous valve lift variation. It is also presented the numerical algorithm for the 
mechanism’s motion. 
 
Keywords: petrol engine, variable valve timing, continuous valve lift, mechanism 
 
1. Introduction 
For  the  traditional  spark-ignition  engines  the  timing  configuration  represents  a 
compromise which does not allow the best engine performance to be achieved for all regime 
and load. Infinitely variable inlet valve lift and timing is used to control engine load, reducing 
throttling losses  and fuel  consumption [8]. It also  improves  low-end torque and transient 
response. 
Variable  valve  timing  (VVT  System,  or  VVA  -  Variable  valve  actuation  System) 
technology allows better engine performance by reducing fuel consumption and therefore low 
emissions, higher efficiency, highly precise responsiveness of the powertrain [4]. 
The key parameter for petrol engine combustion, and therefore efficiency, emissions and 
fuel consumption, is the quantity and characteristics of the fresh air charge in the cylinders. In 
conventional  petrol  engines,  the  throttle-based  air  control  wastes  about  10%  of  the  input 
energy in pumping the air [5]. VVT systems with continuous valve lift variation, usually 
combined  with  cam  phasers,  are  designed  to  eliminate  the  classical  throttle  and  it’s 
inconvenient. 
 
2. The proposed mechanism 
The mechanism (Figure 1) [1] comprise the housing (9), the intake cam (1), the rocker 
arm (2), the hydraulic lash adjuster (3), the valve spring (4),the intake valve (5), the link 
element (6), valve lift control gear (7), intermediary rocker arm (8). The valve’s motion is 
provided from intake cam (1) via the rocker arm (2) which is hinged connected with the 
intermediary rocker arm (8). The link element (6) and intermediary rocker arm (8) are contact 
jointed, the contact surface being composed from two tangent circles R, R’ (Figure 2). The 
valve  lift  is  controlled  by  the  link  element’s  position,  which  is  controlled  with  gear  7. 
Maximum valve lift (α has a maximum value) is achieved when the joint contact C2 coincides 
with the tangency point between circles R, R’ and the joint contact C1 is between circles r2, r1. 
Therefore,  when  the  cam  performs  a  complete  rotation,  C2  is  only  on  the  R’  circle. 
Intermediate valve lift is obtained by decreasing angle α, and C2 runs both on R and R’. No 
valve lift is obtained when C2 runs only on R circle. 
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Fig.1. Constructive schema  Fig. 2. Kinematic schema 
 
The mechanism’s mobility is unique, as it results from: 
1 2 3 2 3 3 2 3 4 5 3            C C n M . 
 
3. Kinematic analysis with analytic method 
The following elements are known (Figure 2):  XY O0  – the general coordinate system, 
origin   ; 0 , 0 0 O     1 1 1 ,Y X O  – the cam joint;    3 3 3 ,Y X O  – the rocker arm joint;  1 1 1 y x O  – the cam 
coordinate system;   ) ( ), ( 1 1 1 1   y x  – cam equations (1);  2 2 2 y x O  – the intermediary rocker arm 
coordinate system;  3 3 3 y x O  – the rocker arm coordinate system; R, R’; r1; r2; rA;   . Some 
notations were made  ; 1 2 d A O    ; 2 0 2 d O O    ; 3 0 3 d O O    4 0 1 d O O  . 
 
 
 
 
 
 
 
 
 
 
 
 
Considering that the cam is half circle half ellipse (Figure 3), its equation is definite as 
follows: 
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Fig. 3. Cam schema    
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For the reference position ( 0   ), the following dimensions results: 
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To settle the coordinates for contact point C1 (Figure 2) the following equations results: 
 
        0 2 2 0 2 2 2 0 1 0 1 1 sin sin cos cos sin cos                    r r X y x X   (9) 
        0 2 2 0 2 2 2 0 1 0 1 1 cos sin sin cos cos sin                    r r Y y x Y   (10) 
 
Deriving (9), (10) and dividing: 
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Fig. 4. Contact joint C2  Fig. 5. Rocker arm displacement    
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To  settle  the  coordinates  for  contact  point  C2  (Figure  4)  the  following  equations 
results: 
 
      X r d r X A A       0 3 1 0 3 2 sin sin cos cos         (12) 
      Y r d r Y A A       0 3 1 0 3 2 cos sin sin cos         (13) 
    0 cos sin 3 0 3 0             p p X Y   (14) 
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The displacement of  3 3 3 y x O  coordinate system (rocker arm) results from: 
  0 2 2 3 3 cos cos        d X d X   (15) 
  0 2 2 3 3 sin sin        d Y d Y   (16) 
 
The equations (9), (10), (11), (12), (13), (14), (15), (16) form a system; its solutions for 
   359 0   results using the numerical method Newton-Raphson, in which the initial values 
are:  , 0   2 X ,  2 Y  with (4);  0 1   ;  2   with (7);  0   ;  A A
A
A Y X
X
Y
arctg   ,   ,      with (5);  
1
2
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d
d
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4. Numerical example 
Considering  the  follow  dimensions  (mm,  deg):   , 18 ; 18 1  O    , 0 ; 20 3  O   , 10 1  r  
, 6 2   A r r   , 16 1  d   , 12 2  d   , 20 3  d   , 11 ' R   , 192 . 53 35      O3S = 42,   15 ˆ
3 0 S O O , the 
following figures and diagrams were obtained:    
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Fig. 6. Mechanism positioning for extreme value of command angle, α 
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Fig. 7. The evolution of X2, Y2, θ, ψ on a kinematic cycle 
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Fig. 8. The evolution of valve lift for various command angle, α 
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5. Conclusion 
The kinematic analysis shows that the mechanism offer a continuous variation of the valve lift, 
with valve displacement starting from no lift to a maximum lift around 10 mm. Also the valve opening 
and closing points varies with the command angle α. The future work will be concentrated on the 
mechanism’s synthesis and optimization.  
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